We present X-ray spectral variability studies of the ultra-luminous X-ray source (ULX) M81 X-6 using Suzaku and XMM-Newton observations performed during 2001-2015. The spectra were first fitted by a standard multi-temperature disk and a thermal Comptonization component which revealed spectral variability where the primary distinction is the change in the optical depth of the Comptonizing component, similar to what has been observed for other ULXs. We also fitted the spectra with a general relativistic accretion disk emission and a power-law component and found that it can reproduce a large part but not all of the spectral variability of the source. The parameters for the black hole mass and spin were found to be degenerate, but the high spin and larger mass (20 − 100 M ⊙ ) solutions provided near Eddington accretion rates consistent with the assumptions of the model. The spectral variation is found to be driven by accretion rate changes leading to three different spectral classes. Thus, our results suggest the possibility of a dominant relativistic disk emission component for some of the spectral states of the source.
1. INTRODUCTION Ultra-luminous X-ray sources (ULXs) are a class of extragalactic, compact, non-nuclear X-ray sources with X-ray luminosities in the range of 10 39−41 erg s −1 (see Feng & Soria 2011; Kaaret et al. 2017 , for the reviews on ULXs). Such luminosities exceed the Eddington limit for accretion of pure hydrogen on to a typical 10 M ⊙ black hole (BH). Early studies with phenomenological two-component model suggest a cool accretion disk for ULXs (Miller et al. 2003) , which was interpreted as the evidence for the presence of intermediatemass black holes (IMBHs) of mass ∼ 10 2 − 10 4 M ⊙ (Colbert & Mushotzky 1999; Coleman Miller & Colbert 2004 ). Unfortunately, the detailed studies of ULXs failed to identify any signatures of standard thin accretion disk spectrum that may be associated with IMBHs (Remillard & McClintock 2006; Roberts 2007) . However, in the most luminous ULXs (L X 5 × 10 40 erg s −1 ), IMBHs may be present Sutton et al. 2012) . A cool disk and a high-energy curvature have been observed in several high-quality ULXs spectra (Roberts et al. 2005; Stobbart et al. 2006; Gonçalves & Soria 2006) and these peculiar spectral features suggest a new super-Eddington state, referred as ultraluminous state (Gladstone et al. 2009 ), for ULXs. Thus, majority of the ULXs are likely powered by accretion on to stellar-mass BHs (StMBHs; M BH < 20 M ⊙ ) with super-Eddington rates. Alternatively, some ULXs can contain slightly larger mass BHs, with a range of 20 − 100 M ⊙ (massive BHs; Zampieri & Roberts 2009; Feng & Soria 2011) . In such cases, the ULXs can accrete at Eddington or near Eddington rates to produce the observed high X-ray luminosities.
One of the major breakthroughs in this field is the detection of pulsation from the ULX M82 X-2 (Bachetti et al. 2014) . This result confirms the presence of a neutron star (NS) in these high luminosity objects. After this discovery, few other sources (NGC 7793 P13, NGC 5907 ULX1, and NGC 300 ULX) have shown pulsation and hence demonstrate that the high luminosity of ULXs can even come from an NS system (Israel et al. 2017a,b; Carpano et al. 2018) . Therefore, ULXs may represent an heterogeneous class of objects, which include the IMBHs, massive BHs (MBHs), StMBHs and NS systems.
ULXs are variable sources and exhibit different spectral shapes, which are related to different spectral states possibly achieved by state transitions Godet et al. 2009; Dewangan et al. 2010) . ULXs IC 342 X-1 and X-2 showed two distinct spectral shapes in 1993 and 2000 Advanced Satellite for Cosmology and Astrophysics (ASCA) observations, which are interpreted as the canonical transition between low/hard and high/soft states . The analysis of two XMM-Newton observations of the ULX NGC 1313 X-1 revealed that the source was in two different spectral states and the spectral shapes are varied between the two observations (Dewangan et al. 2010) . Such states can be explained by invoking different accretion disk geometry, where the low flux state is consistent with truncated disk model and the hot corona covers the cold accretion disk in the high flux state. A detailed study with all XMM-Newton observations also showed different spectral states ("very-thick" and "thick" state) for NGC 1313 X-1 and X-2, and these states exhibit different spectral shapes (Pintore & Zampieri 2012 ). In the very high optical depths ("very-thick" state), the spectra are bell-shaped with a clear curvature at high energies (∼ 3-4 keV) , while in the "thick" state, the spectra are steeper with no strong evidence of curvature (see Figure 2 in Pintore & Zampieri 2012) . Thus, these sources have two well-defined states in their respective observations and thereby distinct spectral shapes. ULXs spectra were described by different spectral models that include the simple models as well as complex phenomenological models. Spectral modeling with simple models such as multi-color disk blackbody (MCD) plus power-law are qualitatively similar to the model used for Galactic X-ray binaries. Such model description was used in the past to reproduce the low counting statistics spectra of ULXs and returned a low inner disk temperature in the range of ∼ 0.1 − 0.4 keV with the power-law index of ∼ 1.5 − 2.5 (Miller et al. 2003; Feng & Kaaret 2005) . The high luminosity and cool accretion disk component were erroneously considered as supportive evidence for the accretion onto IMBHs (Miller et al. 2003 . On the other hand, the high counting statistics X-ray spectra of bright ULXs can be well fitted with different physical models, which suggest the presence of an optically thick corona, a fast ionized outflow and/or a slim disk (Watarai et al. 2001; Stobbart et al. 2006; Gonçalves & Soria 2006) . The analysis of highest quality XMM-Newton spectra of several ULXs confirmed the existence of peculiar spectral features such as soft excess and broad curvature at high energy, which are almost ubiquitous in the high-quality ULX Spectra (Gladstone et al. 2009 ). Such high-quality spectra can be described in terms of disk plus Comptonized corona models, which suggests a cool, optically thick corona for the majority of ULXs (Gladstone et al. 2009; Vierdayanti et al. 2010; Pintore & Zampieri 2012; Pintore et al. 2014) . M81 X-6 (NGC 3031 X-11) is a ULX in the nearby spiral galaxy M81 at a distance of 3.63 Mpc (Freedman et al. 1994) . The source was discovered by the Einstein observatory (Fabbiano 1988) and observed to be in the steady flux state throughout its observations. This source was also detected by the ROSAT and reported a change in the intensity by a factor of 2 over 6 day period in 1993 November (Immler & Wang 2001) . ASCA spectra of the source taken during the period 1994-1997 were successfully described by the MCD emission arising from optically thick standard accretion disks around black holes (Makishima et al. 2000; Mizuno et al. 2001) . The high luminosity derived from the model suggests a high BH mass for the source, while the inferred temperature, in the range of 1-2 keV, is incompatible with the high mass.
A rapidly spinning BH for M81 X-6 would be an alternative solution for this issue . It was suggested based on X-ray spectral modeling of M81 X-6 spectra from the Chandra and ASCA observations that the system contains a 18 M ⊙ BH (Swartz et al. 2003) . In addition, an optical counterpart has been identified for M81 X-6 using the Hubble Space Telescope (HST ) observations and the optical properties are consistent with an early-type main-sequence star of spectral class O8 V with a mass of 23 M ⊙ (Liu et al. 2002) . The X-ray spectral study based on Suzaku and XMM-Newton observations of M81 X-6 showed a rollover at ∼ 3 keV in the broadband spectra (0.6-30 keV) with no additional high-energy PL component that would significantly contribute to the X-ray emission (Dewangan et al. 2013) . These results clearly demonstrate that the source exhibits unusual spectral states, which are significantly different from the state observed in BH X-ray binaries and active galactic nuclei (AGNs). Using Swift long-term monitoring observations of M81 X-6, Lin et al. (2015) searched for periodic signals from the source and identified two peaks near 110 d and 370 d in the Lomb-Scargle periodogram (LSP). The observed peaks are not statistically very significant and are inconsistent with the prediction of Swartz et al. (2003) , where the estimated orbital period of the system is 1.8 d. Thus, such large periods may probably be associated with the super-orbital period of the system (Lin et al. 2015) . Hui & Krolik (2008) presented a sample study of six ULXs, including M81 X-6, using relativistic disk models, kerrbb and bhspec. Using single XMM-Newton observation conducted in 2004 (with MOS spectra only), authors suggest a MBH in the range of 33 − 85 M ⊙ for M81 X-6. Both models indicate that the source can accrete at values close to the Eddington limit and the spin value obtained from this study is consistent with maximally spinning BH with an inclination angle of 50 − 70
• . In the present work, we study the longterm spectral variability of M81 X-6 using all archival XMM-Newton and Suzaku observations conducted during 2001-2015. The observations and data reduction method is described in the §2. The analysis and results are presented in §3. The discussion is presented in §4, and in §5 we summarize our results.
OBSERVATIONS AND DATA REDUCTION
We used the on-axis Suzaku and XMM-Newton observations of M81 and Ho IX X-1, which cover target M81 X-6 in the field-of-view, for this study. The details of the observations are given in Table 1 .
XMM-Newton Observations
The XMM-Newton observations conducted between 2001 and 2012 were obtained from the XMM-Newton science archive 1 . The archival data were reduced using Note-X and S indicate XMM-Newton and Suzaku, respectively.
the standard tools available in the XMM-Newton Science Analysis Software (sas; version 14.0). We used the XMM-Newton European Photon Imaging Camera (EPIC) pn (Strüder et al. 2001 ) and Metal Oxide Semiconductor (MOS; Turner et al. 2001) instruments data for the analysis, and reduced the data using epchain and emchain tools, respectively. We extracted the fullfield background light curve in the 10-12 keV energy band from both instruments and removed the high particle flaring background by applying the appropriate count rate cut-off criteria, thereby creating the good time intervals file for each observation. Three observations, X2, X6 and X7 in Table 1 , considered in this analysis are affected by high amplitude particle flaring background. The available exposure time after filtering is too low to get a good quality spectrum in these observations, and thus we decided to exclude these observations from the analysis. The pn event files were filtered using the flag expression #XM M EA EP and PATTERN ≤ 4 (single and double events), while for the MOS data, we used the #XM M EA EM flag and predefined patterns of 0-12. Circular regions of radius range 25-40 arcsec centered at the source position (RA= 09:55:32.9, Dec.= +69:00:33.3, equinox J2000.0; Gladstone et al. 2009 ) were used to extract the source events. The different extraction radii were used to avoid the CCD chip-gaps. The background region was selected from a source-free region close to the source (from the same CCD where the source region was selected) with radius same as that of the source. We used the sas task especget to extract the source and background spectra along with the ancillary response file (ARF) and redistribution matrix file (RMF). We note that in some observations the target resides on the chip-gaps or close to the edge of the gap in the pn/MOS instruments. The X-ray events in the chip-gap are less accurately energy-calibrated and the adjacent events have uncertain patterns due to the possible charge loss in the gap. Such events have poor spectral calibration and can be excluded from the data with the 'FLAG = 0' selection criterion (see Dewangan et al. 2010 , for more details). This exclusion reduces the flux significantly in these spectra, however, the sas task arfgen corrects the flux loss 2 . The XMM-Newton observations conducted in October 2012 (X10-X12) and November 2012 (X13-X15) are separated by two days and gave low statistic spectra from individual observations. We checked the hardness ratios of the source in the individual observations using the count rates from soft (0.3-1 keV), medium (1-2 keV) and hard (2-6 keV) energy bands, and found that there is no major spectral variations occurred during these observations. Thus, we decided to add these spectra to get moderate quality spectra (A1 and A2; see Table 2 ). All the extracted spectra were then binned with a minimum count of 20-100 per bin, using grppha, depending upon the quality of the data.
Suzaku Observations
Suzaku (Mitsuda et al. 2007 ) observed the target multiple times with its on-board instruments and we used the X-ray imaging spectrometer (XIS) data for the analysis. The unfiltered Suzaku XIS data were reduced and reprocessed using the specific headas tool aepipeline in the heasoft (version 6.22) software package. The source events were extracted from the circular region of radius 80 arcsec and two source-free circular regions with a radius of 110 arcsec were used to extract background events in XIS 0, 1 and 3. The spectra obtained from XIS 0 and 3, the front-illuminated (FI) CCD spectra, were co-added using the ftool addascaspec and the resultant spectra were then grouped with a minimum count of 30-50 per bin using the grppha tool. It is noted that the charge leakage area has been increased in XIS 0 after 2015 March 11 and it expanded to the other segments of XIS 0 3 . This resulted in the saturation of telemetry and the telemetry saturation periods need to be removed from the observed data conducted after 2015 March 11. Among the Suzaku observations we used, the S3 observation was performed on 2015 May 18 and we rejected the saturated telemetry data by following the recipe 4 provided by the instrument team. Note-Model 1: tbabs × tbabs × diskbb; Model 2: tbabs × tbabs × (diskbb + powerlaw); Model 3: tbabs × tbabs × (diskbb + compTT); Model 4: tbabs × tbabs × (kerrbb + powerlaw).
3. ANALYSIS AND RESULTS Earlier studies suggested a disk-like spectrum for this source (Swartz et al. 2003; Dewangan et al. 2013 ) and we initially used the single-component model, multicolor disk blackbody (diskbb; Mitsuda et al. 1984) , to describe the spectra from these observations. The spectral modeling was performed with xspec version 12.9.1p (Arnaud 1996) . The pn and MOS spectra from XMMNewton were fitted simultaneously in the 0.3-10 keV band, while we used 0.6-10 keV energy range for the Suzaku spectra. In the Suzaku XIS spectra, we excluded the energy range 1.7-2.0 keV due to the calibration uncertainties. We used two multiplicative absorption components (tbabs in xspec; Wilms et al. 2000) to describe the Galactic absorption towards the direction of the source and intrinsic absorption local to the source. Thus, the first absorption component was fixed at N H,Gal = 5.57 × 10 20 cm −2 (Kalberla et al. 2005 ) and second component was considered as a free parameter. The uncertainties on the parameters were quoted at a 90% confidence level.
The MCD model provides a satisfactory fit to most of the spectra except X1, X9, S1, and S3. In these observations, the fit provided a reduced χ 2 (χ 2 r = χ 2 / degrees of freedom (d.o.f)) of > 1.6. In particular, the single component model failed to describe the S3 spectrum, where the χ 2 r is 2.9 with 208 d.o.f (see Table 2 ). In the case of satisfactory fits, the best-fit values of inner disk temperature (T in ) are in the range of 1.44-1.67 keV. We added a power law (PL) component to the MCD model and this combined model improved the fit for all the spectra, where the improvement in χ 2 varies from 404 to ∼ 13.6 for the loss of two d.o.f. The PL index yielded from the fit is ∼ 1.65-4.09 and inner disk temperature is roughly consistent with the values obtained from the single-component model. However, in the X9 and S3 observations, we obtained a low temperature of ∼ 0.3 and 0.8 keV, respectively, compared to the other observations.
Many ULXs show peculiar features in the high quality XMM-Newton spectra: a rollover at high energy, usually at ∼ 3 − 5 keV, often coupled with a soft excess (Stobbart et al. 2006; Gladstone et al. 2009 ). Such spectral features can be described by the disk plus Comptonized corona model. To study the spectral evolution of M81 X-6, we used the disk plus Comptonized corona model, namely diskbb + comptt (Titarchuk 1994) model. In the model fit, we set the seed photon temperature (T 0 ) equal to the inner disk temperature (T in ). This model improved the spectral fit for the X1 spectrum compared to the simple empirical model, MCD plus PL. The difference in the χ 2 value for X1 is ∼ 34.7 for the loss of one additional d.o.f. For the rest of the data, this model fit is comparable to the MCD plus PL model. In some of the Suzaku observations (S1 and S2), we observed the degeneracy between the neutral hydrogen column density and disk blackbody model parameters. In order to mitigate the degeneracy, we fix the absorption column density at an average value (N H = 2.20 × 10 21 cm −2 ) obtained from the XMM-Newton data. The derived values of the inner disk temperature are in the range of ∼ 0.1 − 0.5 keV. The plasma temperature obtained from the spectral fit is not well constrained in some observations and it is in the range of 1.1 − 1.9 keV, while the values of optical depth are ∼ 2.4 − 11.3. The best-fit spectral model parameters are given in Table 3 .
To further investigate the spectral evolution of M81 X-6, we tested a more sophisticated accretion disk model, instead of MCD model, along with PL component. MCD is a simple model and it neglects all the relativistic effects. Since the source is disk-dominated, it is important to investigate the properties with more sophisticated disk model. Thus, we replaced the simple MCD with kerrbb (Li et al. 2005 ) model in the twocomponent model (MCD plus PL), which provides the black hole mass, accretion rate and spin of the sys- 
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Note-(1) Observation ID; (2) neutral hydrogen column density in units of 10 22 cm −2 ; (3) inner disk temperature in keV; (4) electron temperature in keV; (5) optical depth (6) logarithmic unabsorbed 0.3-10 keV X-ray luminosity in erg s −1 , calculated by assuming the distance of 3.63 Mpc (Freedman et al. 1994 ); (7) χ 2 statistics and degrees of freedom.
tem in a self-consistent manner. kerrbb is the multitemperature blackbody model for a thin, steady-state accretion disk around a Kerr black hole, which incorporates the general relativistic effects of spinning black hole. This model also has taken into account the effect of self-irradiation of the disk, limb darkening, and the torque at the inner boundary of the disk. We set the torque at the inner boundary of the disk as zero and switch on the self-irradiation and limb darkening flag of the model. The disk inclination angle is fixed at 60 • , the spectral hardening factor is assumed to be 1.7 (Shimura & Takahara 1995) and fixed at this value.
Initially, we fitted the observed spectra by considering the spin, mass and accretion rate as free parameters. The fit is formally acceptable in the majority of the cases, except for observation X1, that is not satisfactorily fitted with the kerrbb plus PL model (χ 2 /d.o.f = 508.6/402). Therefore, either the latter model does not apply to this source or it does not provide an adequate representation of all its spectral variability. While we are aware of this, in the following we assume that the kerrbb plus PL model can correctly represent the physical state of at least part of the X-ray observations of M81 X-6 and use it in an attempt to constrain its physical parameters (mass, spin and accretion rate). Leaving all the parameters free to vary gives completely unconstrained values of the BH specific angular momentum. So, we first fixed it at three representative values (0, 0.9 and 0.999) and repeated the spectral fits considering the mass and accretion rate as free parameters. Since the mass of the BH should not change, we then fixed it at the average value derived from all the fits with a given BH specific angular momentum. The inferred values are: ∼ 10 M ⊙ (a * = 0), 32 M ⊙ (a * = 0.9), 62 M ⊙ (a * = 0.999), respectively. At this point, we fixed the BH mass and spin, and repeated the spectral fitting. The best-fit spectral parameters for three spin values are given in Table 4 . The best fit obtained for the three cases (fixed values of mass and spin) are comparable.
However, as shown in Table 4 , the Eddington ratios for the majority of the fits with a non-rotating black hole (case I) are larger than unity. As the adopted model is no longer consistent in this regime (see Hui & Krolik 2008) , the physical parameters inferred from them are not reliable, and we will not consider them further. The PL indices are in the range, Γ ∼ 1.0 − 2.2, with the exception of observation S1 (Γ ∼ 2.6 − 3.6). We also note that the soft end of these spectra is dominated by the steep PL continuum, as in NGC 5204 X-1, M33 X-8, NGC 55 ULX (Foschini et al. 2004; Stobbart et al. 2004; Roberts et al. 2005; Gladstone et al. 2009 ), indicating that also this observation (as X1) is likely not to be consistent with this model.
Based on the mass accretion rate derived using the kerrbb plus PL model, we classify the observations into three categories: low, medium and high accretion rate groups. The observations X9 and S3 belong to the low accretion state, while the S1 and S2 data in the high accretion rate. The rest of the data can be classified into medium accretion rate level. In these three accretion rates, the source exhibits different spectral shapes as shown in Figure 1 . The derived accretion rate from the model is varied by more than an order of magnitude in these observations as shown in Figure 2 . The accretion rate seems to be constant within the uncertainties during the first four observations. It shows an increasing trend in the subsequent observations and then decreases to reach lowest accretion rate in 2011 November XMMNewton observation. But later observations reveal that the accretion rate gradually increases once again and then decreases to the low accretion level in the last observation. The observed trends in the mass accretion rate and different spectral shapes indicate the variability of the source. Variation in the PL index is less significant compared to the accretion rate in these observations. It is also noted that the PL indices have similar values in the low accretion rate observations, while in the high accretion rate data the indices are different, i.e., soft and hard PL index in the high luminosity. We also investigated the parameter correlations and unfortunately, we do not find any significant correlations between the spectral parameters.
4. DISCUSSION We analyzed the Suzaku and XMM-Newton observations of the ULX M81 X-6 conducted between 2001 and 2015, to study the spectral variability of the source. We initially used the disk plus Comptonized corona model to investigate the spectral evolution of the source. Such disk-corona models were widely used to describe the observed spectra of ULXs (Stobbart et al. 2006; Gladstone et al. 2009; Pintore & Zampieri 2012; Jithesh et al. 2017) . For the majority of ULXs, such model fits provide a cool plasma temperature (∼ 1 − 4 keV) and optically thick corona (τ ∼ 5 − 30), unlike the τ ∼ 1 coronae seen in BH X-ray binaries, (Stobbart et al. 2006; Gladstone et al. 2009; Pintore et al. 2014) . In our modeling with diskbb plus comptt components, the yielded spectral parameters are consistent with the other ULXs. The optical depth obtained for the X9 and S3 observations is small, τ ∼ 2−4, which indicates that the source may belong to the "thick corona" state (τ 8) in these observations as explained in Pintore & Zampieri (2012) . Moreover, in the other The three spectral shapes of M81 X-6 observed in the XMM-Newton and Suzaku observations. Spectra showed here are from the X9 (top), X5 (middle) and S1 (bottom) observations fitted with kerrbb plus PL model. In XMMNewton observations, the black, and red data points represent the pn and MOS data, respectively.
observations that we analyzed, the obtained values of optical depth are in the range of τ ∼ 8 − 11, which indicates a "very-thick corona" state for the source. Thus, the different values of optical depth may represent physically different states for the source.
We also used the two-component spectral model, relativistic accretion disk (kerrbb) plus PL to explain the observed spectra of the source and systematically studied the spectral properties. Our analysis revealed that the mass accretion rate is varied by more than an order of magnitude during these observations and exhibited different spectral shapes. The observed spectral shapes are related to the accretion rate of the system. At lower accretion rate, the source tends to show PL-dominated spectrum, while as the accretion rate increases (in the medium and high accretion rates) the source exhibits the disk-dominated spectrum. However, observation X1 is not satisfactorily fitted with the kerrbb plus PL model, implying that this model does not provide a full representation of its spectral variability.
Although Eddington ratios larger than unity are physically possible for BHs accreting above Eddington, they require an accretion disk with a different physical structure (e.g., Abramowicz et al. 1988; Watarai et al. 2000; Begelman 2002 ). The results of the spectral fits of the kerrbb plus PL model for a non-rotating BH provide Eddington ratios in excess of one and are thus inconsistent with the assumptions of the model. For this reason, we did not consider them further. However, for rapidly rotating BHs (a * = 0.9 and 0.999), the fits return physically consistent values of the parameters. The average value of the inferred BH mass is in the range of MBHs (M < 100 M ⊙ ). In these cases, the source can emit at near the Eddington limit.
That the inferred mass depends on the assumed value of the spin has been known for other ULXs (Feng & Kaaret 2010; Straub et al. 2014; Brightman et al. 2016) . For example, analysis of ULX M82 X-1 spectra using Chandra and XMM-Newton observations suggest a StMBH system for the source accreting at highly super-Eddington limit (∼ 160) for a low spin value a * = 0, while for the maximally spinning case (a * = 0.9986) the inferred mass is in the range of ∼ 200−800 M ⊙ , consistent with IMBHs (Feng & Kaaret 2010) . The broadband study of M82 X-1 using the Swift, Chandra and NuSTAR observations estimates the mass of the system as ∼ 26 M ⊙ with zero spin, while an IMBH of mass ∼ 125 M ⊙ is inferred when assuming maximal spin (Brightman et al. 2016) . Thus, the spin is an important parameter that clearly has an impact on the accretion scenarios (Eddington or Super-Eddington) of ULXs.
Previous studies estimated the mass of M81 X-6 using different model assumptions (Makishima et al. 2000; Swartz et al. 2003; Hui & Krolik 2008; Dewangan et al. 2013) . For example, assuming the innermost disk radius derived from the disk blackbody model, Swartz et al. (2003) derived the mass of the compact object as ∼ 18 M ⊙ , which is consistent with the case of non-spinning StMBHs. Moreover, the mass derived from the two relativistic disk models, kerrbb and bhspec, using single XMM-Newton observation of M81 X-6 spans in the range of 33 − 85 M ⊙ (Hui & Krolik 2008) . The mass inferred from our study using high spin values is consistent with the previous studies and clearly ruling out the IMBH accretor for M81 X-6. Thus, the source may harbor MBH and accrete at near Eddington limit. It is interesting to note that the estimated mass of M81 X-6 from all the studies is consistent with the masses of merged BHs discovered through the gravitational wave detection, where the final mass of BH is in the range of ∼ 18 − 62 M ⊙ (Abbott et al. 2016b,a, 2017, and references therein) in the five gravitational wave detection events. This confirms the presence of MBHs in the Universe and provides a possible explanation for the formation mechanism of such systems.
It is also interesting to consider the multi-wavelength properties of M81 X-6. In the optical wavelength, a counterpart has been identified for M81 X-6 in the HST image and the inferred optical properties are consistent with an early-type main-sequence star of spectral class O8 V (Liu et al. 2002) . Neglecting binary evolution effects the estimated mass of the companion is 23 M ⊙ . Using the HST images, Swartz et al. (2003) confirmed that the optical counterpart has magnitude and colors resembling those of an early-type main-sequence star and classified it into the O9-B1 spectral class. Thus, M81 X-6 most likely belongs to the HMXB category. Since the donor is a main-sequence star, the stellar wind from the system may not be strong as compared to the supergiant's and the compact object accretes the matter via Roche lobe overflow. By assuming the companion star of mass 23 M ⊙ and compact object of 18 M ⊙ , Liu et al. (2002) estimated the separation between the primary and secondary stars, which is ∼ 1.5 × 10 12 cm. However, for the mass of the compact object obtained from this study, 32 − 62 M ⊙ , the expected separation ranges from 1.7 − 2.0 × 10 12 cm. Such a separation provide the space to form a large accretion disk around the black hole and the large disk can act as a huge reservoir of accreted mass (Truss & Done 2006; Deegan et al. 2009 ). Thus, the observed long-term activity of M81 X-6 can be associated with the large orbital separation and consequently the accreted mass in the disk.
The orbital separation estimation also predicts the orbital period of the binary system, which is ∼ 1.8 d (Liu et al. 2002) . However, such an orbital period has not been identified for the source, instead, two variable and statistically less significant (< 99%) peaks near 110 d and 370 d have been detected in the LSP, which are likely the super-orbital period of the system (Lin et al. 2015) . One of the possible reason for the long-term X-ray quasi-periodic modulations is the mass transfer rate related events such as X-ray state transition and the disk instability (see Kotze & Charles 2012 , and references therein). Alternatively, this can also be explained by the tidal interaction-induced disk precession (Whitehurst & King 1991) and the radiation-driven warping of accretion disks (Ogilvie & Dubus 2001) .
We note that some of the ULXs have shown pulsations which reveal that they are NS system (Bachetti et al. 2014; Israel et al. 2017a,b) . For M81 X-6, no pulsation has been reported so far. Hence, it is still not certain whether it is an accreting NS system. Indeed, ULXs may be an heterogeneous system consisting of both NS or BH. Our results should be interpreted on the assumption that M81 X-6 is an accreting BH system. 5. SUMMARY In this paper we have presented the analysis of Suzaku and XMM-Newton observations of the ULX M81 X-6 during the period 2001 and 2015. We initially fitted the observed spectra with disk plus Comptonized corona model and the inferred spectral parameters (kT e ∼ 1 − 2 keV and τ ∼ 2 − 11) are consistent with other ULXs. Such a model fit revealed the spectral variability of the source with a change in the optical depth of the Comptonizing component. We further investigated the spectral evolution of M81 X-6 using the relativistic accretion disk emission plus a power law component. While the disk plus thermal Comptonization model can adequately reproduce all the observations, the kerrbb plus PL model can reproduce a large part but not all of the spectral variability of the source. The source exhibits three different spectral shapes during these observations and the observed spectral shapes are associated with the accretion rate of the system. The systematic study by fixing the spin and mass of the system for all observa-tions rule out IMBH (M BH > 10 2 − 10 4 M ⊙ ) compact object for M81 X-6, instead our study suggests a rapidly spinning massive BH (20 − 100 M ⊙ ). The inferred accretion rates, in that case, are consistent with the near Eddington limit. Since there is no pulsation detected from this source so far, we interpreted our results assuming an accreting BH X-ray binary system. However, the future dedicated observations are required to confirm the real nature (BH or NS system) of the source.
